Background
Idiopathic membranous nephropathy (IMN) is one of the most common causes of adult-onset nephrotic syndrome both in Caucasian and the Chinese individuals [1, 2] , and China has witnessed an increasing prevalence of IMN among patients with primary glomerulonephritis, from 7% in 1997-1999 to 23% in 2009-2011 [2] . In 1977, Ehrenreich and Churg [3] observed lesions of focal sclerosis in cases of membranous nephropathy (MN),and some studies have indicated that focal segmental glomerulosclerosis (FSGS) is a risk factor for poor prognosis or an independent indicator of poor prognosis [4] [5] [6] [7] [8] . An international group of renal pathologists convened at Columbia University to reach a consensus regarding the pathologic classification of FSGS [9] ; however, whether FSGS is an independent predictor in IMN remains unresolved [10] [11] [12] [13] . The percentage of IMN patients with FSGS lesions differs in the literature, ranging from 2.5 to 41.7% [4, 7, [12] [13] [14] [15] ,and in addition to geographical distribution, enrolment methods and ethnicity, the different definitions of FSGS lesions in IMN used in clinical practice may account for this variability.
In previous studies, segmental lesions in IMN included perihilar, not-otherwise specified (NOS), and tip variant [7] , while the atypical segmental lesion (aFSL) described in the present study, which includes synechia [4] , segmental hyperplasia of podocytes, and segmental glomerular basement membrane (GBM) thickening and/or with proliferation of mesangial matrix of the segmental tuft is also commonly seen in IMN.
In this study, we aimed to differentiate atypical focal segmental lesion (aFSL) from typical FSGS in IMN, ascertain the clinicopathological characteristics of IMN with aFSL, and analyse the clinicopathological characteristics and outcomes of IMN patients with aFSL and FSGS.
Methods

Patient selection
We included patients with a diagnosis of IMN, who are biopsied between January 1, 2007 and December 31, 2017 in our hospital, excluding patients with diagnoses such as lupus nephritis, MN related to hepatitis B virus, malignancy, metal poisoning, or other diseases associated with secondary MN. The enrolled patients were treated with angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers, corticosteroids, cyclophosphamide, cyclosporine, tacrolimus, azathioprine, Tripterygium wilfordii [16] , and mycophenolate mofetil. All patients were ≥ 14 years of age at the time of renal biopsy. All renal biopsies were evaluated by light and immunofluorescence microscopy, ultrastructural evaluation was performed if necessary. Follow-up started at the time of biopsy and either continued until December 2018 or ended at the time of death or development of end-stage renal disease (ESRD).
Clinical parameters
For the enrolled patients, age, sex, duration of disease before biopsy, levels of serum creatinine and albumin, 24-h proteinuria content, systolic and diastolic blood pressures were recorded at the time of biopsy.
The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to estimate glomerular filtration rate (eGFR) [17] . The CKD was classified based on the KDIGO 2012 Clinical Practice Guideline [18] . Hypertension was defined as blood pressure exceeding 140 over 90 mmHg or currently receiving antihypertensive therapy.
Histopathologic parameters
Renal biopsy specimens including at least eight glomeruli were analysed in this study. Renal tissue specimens were examined by two pathologists with no knowledge of the patients' clinical condition to establish the diagnosis by standard pathologic methods alone. The pathological features under light microscopy, stage, global sclerosis, segmental sclerosis, tubulointerstitial fibrosis, and arteriosclerosis were collected. FSL was graded as present or absent, including FSGS and aFSL. AFSL was defined as follows: 1) pure synechia (Fig. 1a) , and synechia at the tip pole, and/or accompanied by proliferation of matrix (Fig 1b) also was also classified in aFSL in present study; 2) Hyperplasia of podocytes (Fig. 1c, arrow) , which may be accompanied by segmental thickening of the GBM or proliferation of mesangial matrix; 3) Proliferation of the extracellular matrix of the segmental tuft (Fig. 1d, f) , or thickening of the GBM (Fig. 1e) ; often accompanied by segmental endothelial cell hyperplasia ( Fig. 1 e, f) ; and 4) absence of typical FSGS, with no accumulation of inframembranous hyaline, no collapsing tuft, and without foam cells occluding the lumina. FSGS lesions were categorized according to the Columbia FSGS classification system [9] , but synechia at the tip pole (and/ or accompanied with proliferation of matrix), was classified as aFSL in the present study, in order to coincide with the definition of other locations..
Based on this classification, the subjects were divided into three groups: patients without focal segmental lesion (FSL − ), with FSGS (FSGS + ), and with aFSL,but not co-occurring with FSGS (aFSL + ). Tubulointerstitial fibrosis was defined as increased extracellular matrix separating tubules in the cortical area and was recorded according to the area of fibrosis. The score for degree of vascular sclerosis was based on the most severe lesion seen in either arterioles or arteries [11] .
Study outcomes
The primary end point was the composite of ESRD (defined by persistent eGFR< 15 ml/min per 1.73m 2 , start of chronic dialysis, or preemptive kidney transplantation) or a 50% reduction in eGFR over followup. Secondary outcomes included all-cause death, and ESRD.
Statistical analysis
Normally distributed variables were expressed as the mean ± standard deviation and compared using oneway analysis of variance. Nonparametric continuous variables were expressed as medians (interquartile ranges) and compared using the Kruskal-Wallis test. Categorical variables were expressed as percentages and compared using the χ 2 -test or Fisher exact test. The cumulative probabilities of event-free survival for outcomes were determined using the Kaplan-Meier method and log-rank tests. The independent risk factors for outcomes were analysed with the Cox proportional hazards model. All P-values were two-tailed and values< 0.05 were considered to indicate statistical significance. The confidence interval included 95% of predicted values. Statistical analyses were performed using SPSS statistical software (version 23.0, SPSS, Chicago, IL). 
Results
Baseline characteristics
A total of 716 patients with IMN were included in this study. The mean age at diagnosis was 49 ± 14 years and the median follow-up was 20 (Table 1) . At the end of follow-up, 44 patients (6.1%) experienced a 50% decline in eGFR (including progression to ESRD), of which 27(3.8%) progressed to ESRD. Twenty-four patients (3.4%) died; causes of death included severe infection (12/25), pulmonary embolism (1/19), and cardio-cerebral vascular events (11/25) .
The significance of each factor affecting the primary outcome is shown in Table 2 . Among the clinical parameters, old age (≥60 years old), hypertension, increased serum creatinine (≥134umol/L), and eGFR (< 60 ml/min per 1.73 m 2 ) were significant risk factors for primary outcome by univariate analysis. However, male sex, low level of albumin, and high level of 24-h urine protein were not identified as risk factors in our analysis. By univariate analysis, a high incidence of global glomerulosclerosis (present in > 5% of total glomeruli), and focal segmental lesions (including both atypical focal segmental lesions and typical FSGS lesions), the presence of FSGS lesions alone, tubulointerstitial fibrosis occupying ≥15% of the total specimen area, proliferation of mesangial area, and vascular sclerosis were significant risk factors for primary outcome (Table 2) .
By multivariate analysis, in model 1, old age(≥60 years old), eGFR< 60 ml/min per 1.73 m 2 , tubulointerstitial fibrosis area ≥ 15% were significant risk factors for progression to primary outcome, while focal segmental lesions (including both atypical focal segmental lesions and typical FSGS lesions) was not independent risk factor. However, in model 2, old age(≥60 years old) (HR, 2.870; 95% CI, 1.519-5.424; P = 0.001), eGFR< 60 ml/min per 1.73 m 2 (HR, 2.925; 95% CI, 1.441-5.936; P = 0.003;), FSGS lesions (HR, 2.471; 95% CI, 1.113-5.486; P = 0.026), tubulointerstitial fibrosis area ≥ 15%(HR, 2.553; 95% CI, 1.248-5.224; P = 0.010) were significant independent risk factors for progression to primary outcome ( Abbreviations: HR Hazard ratio, CI Confidence interval; Datas are presented as n (%), or median (interquartile range) group(P < 0.001) and 4 patients (2.5%)in the aFSL + group(P < 0.01). Sixteen patients (9.2%) in the FSGS + group reached the ESRD outcome compared with 9 patients (2.4%) in the FSL − group(P < 0.001) and 2 patients (1.2%) in the aFSL + group (P < 0.01). Nine patients (2.4%) in the FSL − group reached the all-cause death outcome compared with 9 patients (5.2%) in the FSGS + group and 6 patients (3.7%) in the aFSL + group. The IMN patients with FSGS had a significantly higher risk of progressing to the primary outcome and ESRD outcome compared with patients in the other groups (Fig. 2) . The IMN patients with FSGS also had a significantly higher risk of progressing to the all-cause death outcome compared with the FSL − groups, while the FSGS + group and aFSL + group had no significant difference (Fig. 3) . At the 24-months follow-up point, the event-free survival for primary outcome in the FSGS + groups was 84.2 ± 3.5%, compared with 99.4 ± 0.6% in the aFSL + group and 97.2 ± 1.1% in the FSL − group. The patients with NOS, tip variant and collapsing variant had a higher ratio of progression to the primary outcome (Fig. 4a) , and those with NOS, and tip variant had a higher ratio of progression to ESRD (Fig. 4b) and a numerically higher ratio of progression to all-cause death (Fig. 4c) .
Discussion
Focal segmental lesions, including typical FSGS lesions and atypical focal segmental lesions, are common in IMN. The percentage of IMN patients with FSGS lesions ranges widely different, and the predictive value of FSGS for worse renal outcome in IMN patients remains debated. In this retrospective IMN cohort from a single Chinese centre, we attempted to differentiate atypical FSL, named aFSL, from typical FSGS. Patients with aFSL, along with patients without FSL, had a better outcome with respect to progression to the primary outcome. In the current study, focal segmental glomerulosclerosis, excluding the atypical lesion, is a predictor of ESRD or eGFR decline of ≥50% of baseline eGFR in patients with idiopathic membranous nephropathy.
In 2004, D'Agati proposed a working classification of FSGS, including five types of lesions [9] . However, some segmental lesions, named aFSL by the present authors, comprising synechia, capillary shrinking, and GBM thickening involving the segmental glomerular tuft, which are unaccompanied by any typical FSGS lesion, were not included in the 2004 classification. Ehrenreich and Churg first reported focal sclerosis lesions in 30% of cases of MN [3] . The percentage of FSGS + in IMN differed significantly in later studies (Table 4) In an animal model, Wharram found that 21 to 40% depletion of podocytes showed capsular adhesions, mesangial expansion, and FSGS, and a > 40% depletion showed segmental-to-global glomerulosclerosis [21] . Subepithelial immune deposits may contribute to disrupting the podocyte attachment to the GBM [7] ,and the detachment of the epithelium may lead to focal sclerosis [4] . Gupta supported the hypothesis of glomerular hyperperfusion and hyperfiltration as one of the causative mechanisms in the development of FSGS in IMN [19] . Moritare ported that glomerular capillary injury was more prominent in MN combined with FSGS and that possible mechanisms of glomerular capillary injury included glomerular hypertrophy, decreased VEGF expression of podocytes, and thickening of glomerular capillary walls [20] . Previous studies have shown that morphological FSGS lesions in preeclampsia and malignant hypertension are likely mediated by the combination of glomerular endothelial cell injury and podocyte injury [22, 23] . Daehn indicated that endothelial mitochondrial oxidative stress determines podocyte depletion in segmental glomerulosclerosis, and segmental glomerulosclerosis, which develops as a result of podocyteendothelial crosstalk [24] .
The segmental podocyte disease and proliferation of the matrix may be considered a progression to FSGS in IMN, and this progression is reversible if appropriate measures are taken. If detachment or damage of the podocyte persists and deteriorates, aFSL may progress irreversibly to FSGS and renal injury. However, the synechia lesions may arise through physical stress placed on the tuft in the setting of severe nephrotic syndrome by the flux of protein-rich filtrate towards the tubular pole. This process is similar to that in the tip lesion of primary FSGS [25] . The phenomenon comprising high proteinuria and low levels of serum albumin was observed in IMN patients with aFSL, which supports this assumption. Smeets also reported that lesions detected by parietal epithelial cell markers were small and often located close to the glomerular tip in primary FSGS [26] .
Unlike most previous studies that excluded patients followed up for less than 12 months [7, 11] or 6 months [13] , the present study included patients followed up from 1 to 12 months,. This enrolment method was based on the finding that 10 of 24 patients died and 16 of 44 patients Fig. 3 Comparison of all-cause death outcome between the three groups. The IMN patients with FSGS had a significant higher risk progressing to all-cause death outcome(P = 0.018), compared with the FSL -groups, while the FSGS + group and aFSL + group had no significant difference(P = 0.544) Fig. 2 Kaplan-Meier survival curves were constructed for comparison of renal survival rates,campared with the FSL -and aFSL + groups, the IMN patients with FSGS had a significant higher risk progressing to primary (a) (both P < 0.001) and ESRD (b) (vs. FSL -group: P < 0.001,vs.aFSL + group: P = 0.001) outcome progressed to the primary outcome within the first 6 months in our study. Consistent with previous research, in the present analysis, older age [10, 15] , hypertension [13] , eGFR at biopsy [10, 12, 13, 15, 27, 28] , FSGS [4, 7, 8, 15] , chronic tubulointerstitial injury [8, 10, 15, [27] [28] [29] [30] , global Glomerulosclerosis [10] , and vascular lesion [7, 8] were predictors of IMN progression to ESRD or eGFR decline of > 50% of baseline eGFR, or doubling of creatinine. In some previous studies, the FSGS lesion in IMN seemed to have a limited predictive value; when combined with clinical and other pathological parameters, it did not emerge as an independent prognostic factor for the decline in renal function [11, 12] , which was consistent with our observations in the model 1 mutivariate analysis. However, we noticed that the reported percentage of IMN patients with FSGS lesions differs significantly between studies, and we found that after Shiiki H et al. [10] a excluding the atypical lesion, FSGS lesion was an independent predictive factor in IMN for progression to a 50% decline in the initial estimated glomerular filtration rate or ESRD in the current study. There were some limitations to this study. First, an accurate definition of aFSL is still debated, and the adhesion and hyperplasia of podocytes may emerge as different mechanisms. However, the classification used in this study stressed the characteristics differentiating atypical FSL from typical FSGS in IMN. Second, this study used a retrospective design, and the effect of confounding factors could not be fully excluded. Some important baseline covariates may also not have been equally distributed. Third, this analysis relied on data from a single centre. Moreover, a longer follow-up duration could have better validated our findings, and the patients who were lost to follow-up could have affected this study's outcomes. Data over time, such as change in proteinuria as a prognostic factor, could not easily be obtained in this retrospectively studied population.
Conclusions
Histopathologic findings tubulointerstitial fibrosis area ≥ 15% and FSGS at biopsy were independent risk factors for the primary outcome, even when combined with clinical parameters. Focal segmental lesions in IMN were common in the present study, which is the first, to our knowledge, to differentiate aFSL from FSGS in IMN and to show that FSGS, excluding the aFSL, was an independent predictor for a 50% decline in initial eGFR or ESRD. 
